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Ellipsometric measurement of magneto-optical Kerr rotation at normal 
incidence 
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Department 0/ Electrical Engineering, National Tsing Hua University, Hsin-Chu, Taiwan, 
Republic o/China 
(Received 30 October 1989; accepted for publication 16 January 1990) 
Two simple methods were introduced for measuring the magneto-optical Kerr rotation when 
the light is incident upon the surface of the magneto-optical media at zero degree angle of 
incidence. The methods can readily be implemented on an existing ellipsometer. 
I. INTRODUCTION 
In the past ten to fifteen years magneto-optical (MO) 
recording technology has become the major technique under 
intensive development for high density erasable optical disk 
storage. The magneto-optical polar Kerr effect is used as a 
means of read out mechanism for the Curie temperature or 
compensation temperature written bits on the disk. The fo-
cused read out laser beam is incident at normal angle upon 
the disk surface, which is located at the focal plane of the 
objective lens. The strength and the sense of the read out 
signal is proportional to the magnitude and direction of the 
Kerr angle of the recording media; therefore, the normal 
angle of incidence Kerr angle is an important parameter for 
the characterization of the MO media. The Kerr angle mea-
surement is a common technique in every laboratory, but 
most apparatus setups are such that the optical elements 
along the lines of the reflected and the incident beams would 
block each other for zero degree angle of incidence; the mea-
surement can only be made at a small angle of incidence. 
There is no report to our knowledge on setup which could 
measure the Kerr angle at exact zero degree of incidence. In 
this paper we introduce two simple methods for exact zero 
degree of incidence Kerr angle measurement; the methods 
can be implemented on an existing ellipsometer. 
II. THE KERR ROTATION 
In Fig. 1 an elliptical polarization state of a beam propa-
gates along z axis with inclination angle ¢ and ellipticity e 
can be represented by a Jone's vector of the form: 
[~:] , 
where Vx and Vy are the electric field components along x 
andy axes, respectively. It can also be represented by a com-
plex number X which is defined as 
X= VylVx' 
The relationships between the inclination angle ¢, ellip-
ticity e, and X are given as l 
tan 2¢ = 2 Re[x]!(1 - IxI2), 
sin 20 = - 2 Im[x]/(1 + IxI 2 ), 
where 0 = tan - 1 e. 
(1) 
(2) 
For light which is linearly polarized along the x direc-
tion incident upon a surface which is magnetized normal to 
the surface, the state of polarization changes into an ellipti-
cal polarization on reflection. This is the polar Kerr effect. 
The Jone's matrix of the magnetized reflecting surface is 
given as2 
[ r,." r,p] rp, rpp 
for polar Kerr effect rps = r,p' The Jone's vector of the re-
flected light is thus 
[r,s r,p] [1] = [rss] , rps rpp 0 r,p 
X = r,plr,s' 
If Irsp I ~ Ir" I, Eqs. (1) and (2) become 
¢:::::ReLr] = Re[ r,plrH ], 
0::::: -Im[x] = -Im[r,plr,,]. 
(3) 
(4) 
The inclination angle ¢ is, thus, the Kerr angle. For rare 
earth-transition metal alloy MO thin films, which are the 
commonly used recording media, the Kerr angle ¢ is typical-
ly -0.3°; therefore, Irsplrssl-lO-J. 
III. THE MEASUREMENTS 
A. First method 
The apparatus for normal angle of incidence Kerr angle 
measurement is depicted in Fig. 2. The setup is a PCSA ellip-
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FIG. \. Elliptical polarization of inclination angle '" and ellipticity 
e = ± b / a. '" is the Kerr angle when a incident light which is linearly polar-
ized along the x axis is reflected by a surface that possesses magneto-optical 
polar Kerr effect. 
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FI G. 2. Ellipsometer arrangement for normal angle of incidence Kerr angle 
measurement. 
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someter arrangement with a plate beam splitter placed on 
the position where the sample used to be placed in ordinary 
ellipsometer arrangement. The plate beam splitter is orient-
ed at 45· with respect to the incident beam. The beam trans-
mits the beam splitter and is incident on the sample surface 
at zero degrees of incidence through the bore of the electro-
magnet. The MO sample is placed in the gap of the electro-
magnets with the magnetic field perpendicular to the sample 
surface. By using Jone's calculus the polarization state of the 
beam after it is reflected by the sample, the beam splitter, and 
then passed through the analyzer is given as 
0] [cos C 
t, sin e 
- sin c] 
cos c 
0] [ cos e 
i-sine 
sin e] [C~S p 
cos e smp 
- sin p ] [1 
cosp 0 
0] [ cosp 
o - sinp 
Sin p ] [c~s a] , 
cosp sm a 
(5) 
where ErA and E',4 are the electric field components along 
the transmission axis and extinction axis of the analyzer. 
respectively. Therefore, Ed = O. The a, c, and p are the an-
gles of the analyzer, compensator, and polarizer with respect 
to the x axis and oriented counterclockwise when viewed 
against the propagation of the beam. The R 's are the rotation 
matrices, and A, B,. S, B" C, ilnd P are the Jone's matrices 
of the analyzer. beam spiitter (reflection), sample, beam 
splitter (transmission), compensator, and polarizer, respec-
tively. a is the angle with respect to the x axis of the linearly 
polarized incident beam. 
If the analyzer angle a is fixed at 90° and the angles p and 
c were adjusted for null, i.e., EtA = 0, then after some 
straightforward calculation Eq. (5) becomes 
rsp (t,) tan c +- itan(p - e) 
-;: = - t; 1 - i tan c t~,n (p - e) , (6) 
If the Fresnel transmissioll c~>tfficients ratio, tsltp' of the 
beam splitter is known, then one ;;an substitute Eq. (6) into 
Eqs. (3) and (4); then the Kerr angle and the ellipticity can 
be obtained. 
B. Second method 
The aparlitus is the same as in Fig. 2 but without the 
compensator. Set p = 0·; an linearly polarized light 
[~] 
is incident upon the beam splitter and after it transmits 
through the beam splitter and is reflected back by the sample 
and the beam splitter again, the polarization becomes 
[rpr",] [rp 0] [rss rsrsp - 0 rs rps 
This is an elliptical polarization, in general, with com-
plex representation X' given as 
4242 J, Appl. Phys., Vol. 67, No. 9,1 May 1990 
x' = rsrsplrpr",. 
If 
Ir, I:::::: Irp 1 (7) 
and 
Ir,p I ~ Ir" I; (8) 
the inclination angle ¢/ of X' is then given by Eq. (1) as 
¢/::::::Re[x'] = j!ilj!.:E..lcOS(Dspss + D,p), (9) 
rp rss 
where 
D"ps, = (phase of r,p) - (phase of rSI ) 
D,p = (phase of r,) - (phase of rp). 
Assume o'P = 180·. Then 
¢/ = -1~11~.'p I cos D,p" 
rp '')S 
( 10) 
1/ can readily be determined by adjusting the analyzer 
for minimum transmitted light intensity. Then the transmis-
sion axis of the analyzer is parallel to the short axis of the 
elliptical polarization X'. Therefore, a - 1T/2 = ¢'; substi-
tute ¢' into Eq, (10), and the Kerr angle ¢ is then obtained 
provided that the magnitude of the Fresnel reflection coeffi-
cients ratio, Ir,lrp I, of the beam splitter is known and 
D,p = 180·. 
IV. DISCUSSION 
Both methods require a plate beam splitter, and the ra-
tios tplts and rplr, of the beam splitterfor45° angle of inc i-
dence need to be known. For a given beam splitter these 
ratios can easily be measured by the method of null ellipso-
metry technique. 3 
Chao etal, 4242 
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For the first method there is no particular requirement 
on the value oftplt,. But for the second method it is required 
that Irsl:::::lrpl and 8sp = 180°. The first requirement, 
Ir, I::::: Irp I, is not as stringent since Ir,plr" 1-10 - :1. A~ lo~g 
as I r, I is not too much greater than I rp I, the approximatIOn In 
Eq. (9) is then still valid. The second requirement, 
" = 180° is more important. It is easy to get a plate beam u sp , • 
splitter which gives 8sp = 180°. For example, consider the 
dielectric plate beam splitter which is composed of the eig~t 
layers structure: substratel HLHLHLHL with A = 6328 A, 
(}in = 45°, nil = 2.4, nL = 1.5, nsub = 1.5, Hand L stand for 
high index and low index layers with one quarterwave in 
thickness, then the r, and rp of this structure can be readily 
calculated4 to be Irpl = 0.73, Irsl = 0.92, and 8,p = 181.4°; 
with a minor adjustment of any ofthe layer thickness, (j,p can 
be tuned to 180°. For example, the thickness of the outmost 
layer of the eight layers structure can be adjusted from 1451 
A (one quarterwave) to 1541 A to give (jsp equal to 180°. If 
there are some errors in the thickness control of the depo-
sition of the thin film for the beam splitter, then tJ,p will 
deviate from 180°. Using a few numerical trials by the meth-
od of multilayer calculation given in Ref. 4 and with Eqs. (9) 
and 10, it can be shown that ± 10% error in the layer thick-
4243 J. Appl. Phys., Vol. 67, No.9, 1 May 1990 
ness will lead to approximately ± 2° error in (j,p, which gives 
approximately ± 5% error in the value of Kerr angle ¢. 
V. CONCLUSION 
In this paper we showed two simple methods for normal 
angle of incidence Kerr rotation measurement by using of 
ellipsometer. The first method is a version of null ellipso-
metry. A plate beam splitter is required for both methods. 
The ratios of the Fresnel coefficients tplt, and rplr, of the 
beam splitter need to be known for the numerical deduction, 
and it is required that the phase angle of rplr, is 180° for the 
second method. 
I A. Yariv and P. Yeh, Optical Wal'es in Crystals, 1st ed. (Wiley, New York, 
1984). 
'M. J. Freiser, IEEE Trans. Magn. MAG-4, 152 (1968). 
'R. M. A. Azzam and N. M. Bashara. Ellipsometry and Polarized Light, 1st 
ed. (North-Holland, New York. 1977). 
4 P. H. Berning, "Theory and Calculations of Optical Thin Films" in Physics 
a/Thin FiEms (Academic, New York. 1963), Vol. I. 
Chao eta/. 4243 
Downloaded 05 Feb 2012 to 140.114.195.186. Redistribution subject to AIP license or copyright; see http://jap.aip.org/about/rights_and_permissions
